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One condition of SICB support was the implementation of an innovative program. Our wrinkle to the standard symposium structure has been successful beyond our highest expectation. Each symposium presentation is actually a ''piggy-back'' talk in which the head-of-lab gives the first half of the talk, providing a theoretical or practical overview of the lab's research program, followed by a presentation by a post-doc or advanced graduate student, highlighting current work from the lab. The ''Recent Developments in Neurobiology'' papers in this issue of Integrative and Comparative Biology are either joint papers by the two piggy-back authors, or separate papers by the twothe presenters were given the choice. We plan to continue this organizational scheme in the third year of the program, and beyond.
The ''Recent Developments in Neurobiology'' (RDN) format gives us maximum flexibility in topical organization of the symposia. We try to highlight labs from the vicinity of the annual meeting, and to give a broad spectrum of topics in the wide-ranging field of Neuroscience. For this reason the RDN symposia can be unusual. They do not have to be topic driven, and the contributed papers can be rather eclectic. The flexibility also gives us the opportunity to have a topical symposium when the opportunity arises. The first RDN symposium was of the former type, while the one presented here shows the latter. In this symposium, from Toronto, we chose to honor Professor Harold L. Atwood on the occasion of his retirement from the faculty of the University of Toronto (but, happily, not from neurobiological research).
The RDN symposium in honor of Professor Harold L. Atwood (Department of Physiology, University of Toronto), sponsored by the Division of Neurobiology within SICB is fitting for several reasons. One, of course, is his years of contribution in providing presentations to the American Society of Zoologists (now known as SICB) and having his students and postdoc- (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) . Currently, he runs a very active research program at the University of Toronto in the Department of Physiology.
Harold's research program has addressed the physiology of muscular contraction, motor control, synaptic transmission, and synaptic modification in the nervous systems and neuromuscular systems of both arthropods (insects and crustaceans) and mammals. By far the largest part of his work has been on neuromuscular systems of crustaceans, which have been frequently studied by physiologists because their muscle cells and motor neurons attain a relatively large size and are relatively few in number (and thus readily identifiable in the intact animal or in isolated tissues). Beginning in the early 1960s, Harold and his students and coworkers discovered several new features of crustacean neuromuscular systems, which helped explain behavioral mechanisms. They also showed that the nerve cells of these animals undergo several activity-dependent long-term changes which have adaptive value for the animal, and appear to occur also in other animal species. The findings have general significance for the performance and experience-dependent modification of nervous and neuromuscular systems.
Investigating muscular contraction in crustaceans, Harold discovered in 1963 that crustacean muscles contain fast-acting and slow-acting muscle fibers (muscle cells) which are selectively recruited for fast and slow movements respectively. Subsequent studies with co-workers showed that the ultrastructure and biochemistry of the different muscle fibers are differentiated to accommodate the physiological demands they experience. In addition, studies on single innervated crab muscle cells showed that contraction is regulated by electrical events of the muscle cell membrane and not by direct chemical actions of the neurotransmitter. Significantly, the properties of synaptic transmission from motor neuron to muscle are matched with those of the muscle fibers: fast-acting muscle fibers are typically innervated by neurons which evoke large electrical responses in the muscle fiber, leading to large contractions, while slow-acting muscle fibers are typically supplied by neurons which evoke smaller electrical responses resulting in slow, graded contractions. Furthermore, specialized endings of a single motor neuron often produce different responses among the muscle fibers they innervate. Thus, a single neuron can selectively and progressively recruit the muscle fibers it innervates: at low frequencies of activity, only a few fibers contract, while at higher frequencies, as electrical activity increases, many more muscle fibers contract. In 1965 and 1967, Harold showed these features could be explained in large measure by the differences in release of excitatory neurotransmitter from individual nerve endings on their target muscle fibers; some nerve endings release more neurotransmitter, and thus cause a larger electrical response, than others. The same type of recruitment mechanism since has been observed by others, in the nervous systems of different animals ranging from leeches to mammals, and probably constitutes one of the many basic operational mechanisms of nervous systems.
Investigations combining ultrastructural and physiological observations of synapses led to several general principles of organization and operation. In 1967, he found that the inhibitory nerve cells that innervate crustacean muscles in parallel with the excitatory motor neurons, form well-defined synapses on the endings of the latter. These synapses account for the phenomenon of presynaptic inhibition (decrease in the release of excitatory neurotransmitter upon activation of the inhibitory nerve cell) which had first been described in crustacean muscles by Josef Dudel and Stephen Kuffler in 1961. Further work by Harold and his students led to a general model of this synaptic action, derived from the observed morphology and electrical properties of the nerve terminals, and to the observation that presynaptic inhibition apparently leads to fewer excitatory synapses effectively releasing neurotransmitter. Thus, an important principle of short-term response modification is variation in the number of a neuron's contributing synapses. In presynaptic inhibition, synapses are temporarily ''decommissioned'' to weaken the response; but in other cases, they are added to strengthen it.
Recruitment of additional synapses to strengthen a response, or strengthening of the responses of active synapses, was found to contribute to long-and shortterm facilitation in crustaceans. Short-term facilitation is enhancement of synaptic transmission resulting from previous nerve impulses in a pathway, usually due to increased release of neurotransmitter, as originally described by Katz and Miledi in vertebrates, and by Dudel and Kuffler in crustaceans. Starting in the early 1970s, Dr. Atwood and co-workers produced three-dimensional reconstructions of nerve terminals from electron micrographs which allowed them to count all the individual synapses contributing to a local synaptic response. They found structural differences between ''strong'' and ''weak'' synapses, a finding which has been confirmed and amplified by C.K. Govind and others. In combination with statistical analyses of neurotransmission, begun by Atwood and Parnas in 1968, following the earlier work of Dudel and Kuffler, these studies led to the conclusion that individual synapses differ in effectiveness. Many synapses appear to be ''silent'' (do not release neurotransmitter) when a nerve cell is active at low frequencies.
A longer-lasting recruitment of synapses occurs during ''long-term facilitation'' (described by Sherman and Atwood for crustaceans in 1971); a very persistent enhancement of neurotransmission induced by a period of high-frequency activity. It has much in common with some forms of ''long-term potentiation'' now being intensively investigated in the mammalian nervous system as a possible mechanism contributing to learning and memory. Dr. Atwood and co-workers found the long-term effect in crustaceans was enhanced by accumulation of sodium and calcium ions in the presynaptic nerve terminal, increasing the release of neurotransmitter. They later showed long-lasting recruitment of additional synapses takes place in the presynaptic nerve endings to maintain the response at a higher level. They also found, as in the facilitatory responses analyzed by Eric Kandel and co-workers in molluscan nervous systems, the long-term effect in crustaceans depended upon the activation of the cyclic adenosine monophosphate (cyclic AMP) intracellular second-messenger system in the presynaptic nerve ending, triggering enhanced neurotransmission. However, they also found in 1975 and 1988 that, unlike several other analyzed cases, induction of this system depended primarily upon electrical activity in the nerve ending, and could occur without translocation of calcium ions into the nerve cell. Voltage-dependent activation of the cyclic AMP system has now been described by Daniel Storm and co-workers in other cell types, and may be of more general occurrence than is presently known.
An entirely different type of long-term modification in crustacean nerve cells was discovered in the early 1980s by Atwood and Lnenicka. When they altered the ongoing activity of a selected nerve cell in an intact animal, they found that a semi-permanent change in its synaptic transmission and morphology occurred. This modification was found (by Nguyen and Atwood) to depend upon protein synthesis in the affected nerve cell, and to involve several different intracellular mechanisms. The significance of the effect for nerve Introduction cells in general is that in many cases their properties are strongly influenced and continuously altered by ongoing activity (''experience''). This was found to be the case in a visual pathway of an insect nervous system by Bloom and Atwood in 1980. Observations of this type in crustaceans and other animals raise the question of the relative importance of genetic limitations and ''experience'' in shaping the capabilities of the nervous system. The fruit fly, Drosophila, offers an opportunity to investigate this question; it has been extensively studied from the genetic standpoint, and its neuromuscular systems have much in common with those of crustaceans. Dr. Atwood began physiological and ultrastructural studies of synaptic transmission with Chun-Fang Wu, a leading authority on Drosophila neurophysiology, in 1991. He developed new physiological procedures (including a new physiological solution, since the one commonly in use for the previous two decades was found to rapidly damage the exposed cells). Once the basic physiology of selected synapses was worked out, work on the physiological consequences of genetic alteration of synapses was begun. Significantly, genetically induced structural perturbations can be physiologically compensated to maintain an appropriate level of synaptic transmission, indicating synaptic adaptation and an optimal ''set point'' for development of neurotransmission in a specific neural pathway. The nervous system can overcome certain genetic liabilities. Synaptic molecules discovered in Drosophila were shown to have close counterparts in crustaceans; thus, the way was opened for functional assays of gene products initially found in Drosophila, using crustacean neurons, which provide an experimentally more tractable system for physiological investigations.
Altogether, the work on crustacean and insect nerve cells has established several basic operational features, and provided insight into activity-dependent changes which are particularly well expressed in crustacean neurons, but are known to be of widespread occurrence in other animals. The combination of ultrastructural and physiological analysis of specific synapses developed by Harold and his co-workers has provided unique insights into factors determining the strength of responses in the nervous system, and how these responses can be modified.
We are proud to dedicate this symposium to Harold.
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